| INTRODUCTION
It has been reported that aldosterone blockade reduces the rate of death due to progressive heart failure and the rate of sudden death from cardiac causes, as well as the rate of hospitalizations for heart failure, among patients with severe heart failure due to systolic left ventricular dysfunction who are being treated with the angiotensinconverting enzyme inhibitors (ACE-I).
1 Two generations of mineralocorticoid receptor antagonists are currently available: the first generation includes spironolactone and canrenone, and the second generation includes eplerenone, which is less potent but more selective, and has a shorter half-life. 2 In the EPHESUS and EMPHASIS-HF studies, eplerenone reduced morbidity and mortality among patients with acute myocardial infarction complicated by left ventricular dysfunction and heart failure. 3, 4 Similarly, spironolactone was shown to reduce the risk of both morbidity and death among patients with severe heart failure. 5 Finally, in the AREA CHF (Antiremodeling Effect of Canrenone in Patients With Mild Chronic Heart Failure Study) trial, 6 canrenone was investigated in patients with or without metabolic syndrome and compensated heart failure with reduced ejection fraction on optimal therapy [including ACE-I or angiotensin II receptor blockers (ARBs), and β-blockers]. Canrenone stabilized heart failure with reduced ejection fraction, protected against deterioration of myocardial mechano-energetic efficiency, improved diastolic dysfunction, and maximized the decrease in B-type natriuretic peptide (BNP). In Italy, canrenone is licensed for the treatment of primary or secondary hyperaldosteronism, and for the treatment of hypertension in patients not adequately controlled by current therapy. However, although data about mineralocorticoid receptor antagonists are available in patients with chronic heart failure, multicentric clinical trial data for canrenone therapy in pure hypertensive patients are lacking.
For these reasons, the ESCAPE-IT (Efficacy and Safety of
Canrenone as Add-on in Patients with Essential Hypertension-Italy)
trial was designed to evaluate the efficacy in terms of blood pressure reduction, safety, and tolerability of two different dosages of canrenone as add-on therapy in patients already treated with ACE-I or ARBs and hydrochlorothiazide at the maximum dosage. Suitable patients, identified from a review of case notes and/or computerized clinic registers, were contacted by the investigators in person or by telephone. All patients provided written informed consent to participate prior to entering the study. 
| MATERIALS AND METHODS

| Study design
| Patients
| Treatments
Patients fulfilling the inclusion and exclusion criteria were randomized to canrenone 50 mg or canrenone 100 mg once a day, in addition to their current therapy, for 3 months (Figure 1 ). To obtain an optimal balance, the medication was randomized in a stratified way, that is, in blocks of four subjects. Each block contained two subject numbers for canrenone 50 mg and two subject numbers for canrenone 100 mg.
Each investigational center enrolled subjects sequentially starting with the lowest subject number and completing a fully randomized block before starting with a new randomized block.
Treatment allocation was assessed according to a randomization list generated by the sponsor. The treatments were delivered to the centers accordingly to the rate of enrollment. Blinding was not applicable because the study was open label.
Medication compliance was assessed by counting the number of pills returned at the time of specified clinic visits. At baseline, we weighed participants and gave them a bottle containing a supply of the study medication for at least 100 days. Throughout the study, we instructed patients to take their first dose of new medication on the day after they were given the study medication. At the same time, all unused medication was retrieved for inventory. All medications were provided to the participants free of charge.
| Assessments
Before starting the study, all patients underwent an initial screening assessment that included a medical history, physical examination, vital signs, and a 12-lead electrocardiogram. We evaluated at baseline and after 3 months the following parameters: height, body weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure (PP), HR: heart rate, fasting plasma glucose (FPG), fasting plasma insulin (FPI), HOMA Index, total cholesterol (TC), HDL-cholesterol (HDL-C), triglycerides (Tg), LDL-cholesterol (LDL-C), sodium, potassium, calcium, magnesium, plasma urea, creatinine, estimated glomerular filtration rate, uric acid, aldosterone, BNP, and galectin-3.
All plasma parameters were determined after a 12-hour overnight fast. Venous blood samples were taken for all patients between 08.00 and 09.00. We used plasma obtained by addition of Na 2 -EDTA, 1 mg/ mL, and centrifuged at 3000 g for 15 minutes at 4°C. Immediately after centrifugation, the plasma samples were frozen and stored at −80°C for no more than 3 months. All measurements were performed in a central laboratory.
Body mass index was calculated as weight in kilograms divided by the square of height in meters. Blood pressure measurements were obtained from each patient (using the right arm) in the seated position, using a standard mercury sphygmomanometer (Erkameter 3000, ERKA, Bad Tolz, Germany) (Korotkoff I and V) with a cuff of appropriate size. Blood pressure was measured by the same investigator at each visit, in the morning before daily drug intake and after the patient had rested for ≥10 minutes in a quiet room. Three successive blood pressure readings were obtained at 1-minute intervals, and the mean of the three readings was calculated. Pulse pressure was calculated as the difference between the SBP and DBP.
Plasma glucose was assayed by glucose-oxidase method (GOD/PAP, Roche Diagnostics, Mannheim, Germany) with intra-and interassay coefficients of variability (CsV) of <2%.
Plasma insulin was assayed with
Phadiaseph insulin radioimmunoassay (RIA) (Pharmacia, Uppsala, Sweden) using a second antibody to separate the free and antibody-bound 125 Iinsulin (intra-and interassay CsV: 4.6% and 7.3%, respectively).
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The HOMA Index was calculated as the product of basal glucose (mmol/L) and insulin levels (μU/mL) divided by 22.5.
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Total cholesterol and Tg levels were determined using fully enzymatic techniques on a clinical chemistry analyzer (HITACHI 737;
Hitachi, Tokyo, Japan); intra-and interassay CsV were 1.0 and 2.1 for TC measurement, and 0.9 and 2.4 for Tg measurement, respectively. 10 ,11 High-density lipoprotein cholesterol level was measured after precipitation of plasma apo B-containing lipoproteins with phosphotungstic acid; intra-and interassay CsV were 1.0 and 1.9, respectively, and LDL-C level was calculated by the Friedewald formula. 12, 13 Estimated glomerular filtration rate was calculated using the ab- 
| Statistical analysis
| Determination of sample size
The effect of canrenone administered as add-on therapy was clinically and statistically considered significant if the difference of the average of the clinic DBP between the value measured at baseline and that measured after 3 months of therapy was equal to or greater than 8 mm Hg.
A sample of 32 subjects randomized in a ratio of 1:1, with a standard deviation of 8 mm Hg, would have allowed a 95% power to detect a significant difference with a two-tailed type I error (α) equal to .05.
Given that the aim was also to evaluate the difference between the two doses of canrenone, the calculated sample size would not be sufficient. Therefore, considering that a difference of 3 mm Hg between the deltas (3 months-baseline) observed between the two treatments was clinically significant, and assuming a standard deviation of 8 mm Hg, a sample of 148 subjects randomized in a ratio of 1:1 allowed a power of 95% to detect a significant difference with a two-tailed type I error (α) equal to .05. Anticipating an incidence of dropout of about 20%, the sample size would have to be at least 178 subjects to have 148 evaluable subjects. The sample was rounded up to 180 patients.
| Statistics
Demographic data and all other clinically significant parameters were summarized and described to characterize the study population.
Descriptive continuous variables were reported as mean, standard deviation, minimum, and maximum, while categorical descriptive variables were reported as absolute rates and percentages.
The analysis of the efficacy and safety variables for both canrenone 50 and 100 mg was carried out using the Student's t test for 
| RESULTS
| Study sample
One hundred and seventy-five patients were enrolled in this study;
88 were randomized to canrenone 50 mg and 87 to canrenone 100 mg. One hundred and fifty-nine patients completed the study.
The flow of patients through the study is shown in Figure 2 . Sixteen patients did not complete the study, and the reasons for premature withdrawal are explained in Figure 2 . The characteristics of the enrolled patients are described in Table 1 , together with antihypertensive treatment taken at the study start (ACE-I/ARBs), and concomitant medications.
| Blood pressure and heart rate
We recorded a decrease in SBP and DBP with both dosages of canrenone compared to baseline (P<.001 vs baseline), although the 100 mg dose was more effective than canrenone 50 mg in reducing blood pressure compared to baseline (Table 2 ). Regarding PP, both dosages were equally effective in reducing it compared to baseline (each P<.001), without differences between the two dosages. About 70% of patients treated with canrenone 50 mg and 83% of patients treated with canrenone 100 mg reached a reduction in DBP ≥8 mm Hg.
| Glyco-metabolic control
We did not observe any differences regarding FPG, FPI, or HOMA Index during treatment, both compared to baseline or between the two groups.
Regarding lipid profile, TC, HDL-C, and LDL-C did not change, while
Tg increased compared to baseline with canrenone 50 mg (P<.01), but not with canrenone 100 mg, although, in group-to-group comparison, no differences were recorded (Table 3) .
| Electrolytes
Sodium, calcium, magnesium levels did not change, while potassium increased compared to baseline with both canrenone 50 mg, and with canrenone 100 mg (P<.01 vs baseline for both), without statistically significant differences between groups (Table 3) . 
T A B L E 2 Variations in hemodynamic parameters over time
| Renal function
Plasma urea increased with both canrenone 50 mg and canrenone 100 mg (P<.01 compared to baseline for both), without differences between the two dosages. Regarding creatinine levels, they slightly increased with canrenone 100 mg (P<.01 vs baseline), although no variations of eGFR were observed in either groups. Uric acid levels did not change during the study (Table 3 ).
| Aldosterone, BNP, Galectin-3
There was an increase in aldosterone levels compared to baseline with canrenone 50 mg (P<.01 vs baseline), but not with canrenone 100 mg. No changes in BNP or galectin-3 were recorded (Table 3 ).
| Correlations
We found a significant inverse correlation between potassium levels and eGFR with both canrenone 50 mg (r=−. 
| DISCUSSION
The ESCAPE-IT trial confirmed that canrenone has a beneficial effect on blood pressure control, in line with what already reported in the literature by Fogari et al., 18 and which is similar to that reported with spironolactone. 19, 20 As expected, canrenone 100 mg was more effective than canrenone 50 mg in decreasing blood pressure. This greater efficacy was obtained without producing a greater increase in potassium levels compared to the lower dose. Both doses, in fact, gave a slight, similar increase in potassium, statistically significant, but not clinically relevant. In fact, the laboratory value for clinical significance for potassium was >5 mEq/L. Of course this applies to patients involved in this study, but it is possible that some patients who may start with a higher potassium level or may have a greater increase in potassium with canrenone may develop significant hyperkalaemia;
to test this, a longer follow-up would be required and it is actually ongoing. Compared to data already published in the literature, 21, 22 in this study we recorded a neutral effect of canrenone on metabolic parameters; canrenone did not influence glycemia or HOMA Index or lipid profile, with just a slight increase in Tg levels, even if not clinically significant. This is in contrast with that already reported in the literature. In two randomized clinical trials, Derosa et al. reported that canrenone gave a significant decrease in FPI and HOMA Index, and an increase in M value, an index of insulin sensitivity, both compared to baseline and to placebo. 21, 22 In the studies by Derosa et al., canrenone also decreased Tg and glycemia and improved some inflammatory cytokines such as high sensitivity C-reactive protein and tumor necrosis factor-α. 21, 22 These contrasting results may be due to the longer period of administration of canrenone in these two studies, (6 months vs 3 months of the ESCAPE-IT trial). In addition, the characteristics of the study population involved were different; patients with metabolic syndrome in the studies by Derosa et al., and hypertensive patients in the ESCAPE-IT trial. Given that patients with metabolic syndrome have higher levels of glycemia and a worse glycemic profile, this may be another reason for improvement of their glyco-metabolic control, compared to a neutral effect in the ESCAPE-IT trial.
Galactine-3 is a pleiotropic lectin with an important role in cell proliferation, adhesion, differentiation, angiogenesis, and apoptosis.
Galectin-3 activates many profibrotic factors, promotes fibroblast proliferation and transformation, and mediates collagen production. 23, 24 Higher levels of galectine-3 have been associated with a worse prognosis in patients with acute respiratory distress syndrome. 25 In our study, canrenone did not increase galectin-3 levels, suggesting that fibrosis did not increase, even if an echocardiographic examination was not performed to confirm this.
In contrast to previously published studies conducted with canrenone 21, 22 or with spironolactone in patients with resistant hypertension 26 , we did not observe a variation of aldosterone levels, which may be due to the short duration of the study or to the fact that canrenone was used in combination with ACE-I or ARB therapy, which can induce aldosterone escape, a phenomenon characterized by the inability of ACE-I or ARBs to reliably suppress aldosterone release.
The main limitation of our study is the lacking of a placebo group, but this is due to the fact that the aim of the study was not verifying whether canrenone lowers blood pressure, but to verify whether a higher dose of canrenone can give a greater decrease in blood pressure compared to a lower dose, without increasing adverse events.
Another limitation is the brief period of observation; however, a follow-up of this study is currently ongoing. Moreover, this is the first study to report the effect of canrenone on blood pressure and metabolic parameters in hypertensive patients already taking ACE-I or
ARBs and diuretic at the maximum dosage.
| CONCLUSION
Both canrenone dosages decreased blood pressure, with canrenone 100 mg more effective than the lower dose, with only a slight increase in potassium and creatinine levels, which were not clinically relevant. Neither treatments resulted in any increase in adverse events.
Canrenone should be recommended in hypertensive patients already taking ACE-I or ARBs and diuretic at the maximum dosage.
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